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(54) Process for correction of engine torque during gear changes 



(57) The invention refers to a process for correcting 
the torque to which an engine is adjusted before a gear 
disengagement, preferably on the occasion of automat- 
ed gear change of a stepped gearbox without using any 
clutch. Immediately after a gear has been disengaged, 
the engine is adjusted towards a zero torque (M 0 ) which 
will maintain the engine speed (n) constant during the 
gear disengagement. This zero-torque (eve! is stored in 
a matrix for the relevant operating point given by at least 
the engine speed (n) and the engine temperature (T). 
During a fixed measuring period after the gear disen- 
gagement when the gearbox is in neutral position, the 
acceleration of the engine when it is run with the relevant 
zero torque is detected. Thereafter any acceleration de- 
tected is converted to a corresponding torque, which 
represents an error in the modulated zero torque. The 
original zero-torque value is thereafter corrected by ap- 
plying the detected incorrect torque so that before a sub- 
sequent gear disengagement the engine is modulated 
with a more correct value of the zero torque (M 0 ). 
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Description 

The invention relates to a method for correction of 
engine torque during automated gear changes of me- 
chanical stepped gearboxes in accordance with the pre- s 
amble to patent claim 1 . 

State of the art 

gearboxes require adjustment of the torque delivered 
from the engine in order to reduce the torque transferred 
at the point of contact of the relevant gears. At the time 
of gear disengagement it is desirable for there to be a 
torque-free state at the contact point between the rele- is 
vant gears in the gearbox, but since it is not practically 
possible to measure the torque at the gear contact point 
the torque adjustment has to be achieved indirectly by 
adjusting the torque delivered from the engine. 

SEA940 1653-2 refers to a solution whereby gear 20 
changing takes place without the disc clutch being re- 
leased. In this case a gear change is preceded by the 
engine torque being adjusted towards a zero-torque lev- 
el with the intention of keeping the engine speed con- 
stant during the gear change. The torque with which the 
engine is modulated is calculated on the basis of avail- 
able data concerning the engine, its moment of inertia 
and its internal friction and the like. The modulated 
torque may also depend on whether any power take-off 
is operating or not. 

A disadvantage of this method is that there is no 
direct measurement of the torque and that the modula- 
tion is based on the expected behaviour of the engine. 
Whether the modulated torque is correct or not is not 
known. The manufacture of engines and various drive- 
line components may involve tolerance differences 
which result in each individual vehicle having different 
characteristics. Even if the behaviour of an engine can 
be predicted correctly when it is new, its characteristics 
will change over time and with engine wear. This means 
that the engine torque modulated over time is probably 
not the same as when the engine was new. This in its 
turn means that gear changing may become difficult 
and/or that it is unacceptably delayed in certain circum- 
stances. Oscillations in the control system may result in 
a very long scaling-in time being required for being able 
to determine correctly the fuel quantity which gives con- 
stant synchronous speed. 

Object of the invention 

The object of the invention is to be able easily and 
quickly, on the basis of wear in the system and dispari- 
ties between different individual systems, to correct a 
predetermined engine torque during gear changes with- 
out using any power sensor or torque sensor, so that 
there is a torque-free state in the gearbox during gear 
disengagement. To this end, the invention is character- 



2 

ised by the features indicated in the characterising part 
of patent claim 1 . 

Other features distinguishing the invention are indi- 
cated in the description below of an embodiment with 
reference to the attached drawings. 

List of drawings 

Fig. 1 is a skeleton diagram of the composition of a 

gear-change-sys tem for mech a n i c al ste p ped ge ar^_ 

boxes, 

Fig. 2 is a skeleton flow diagram for engine torque 
adjustment during disengagement of a gear in ac- 
cordance with the invention, 
Figs. 3, 4 and 5 respectively show how engine 
speed and engine torque vary during a gear change 
when the zero torque modulated during gear disen- 
gagement is respectively too high, too low or cor- 
rect. 

Description of an embodiment 

Figure 1 depicts, a gear change system for monitor- 
ing and controlling computer-assisted gear changing of 
mechanical gearboxes in a motor vehicle. The compo- 
sition and operation of the system correspond largely to 
the system described in the previously mentioned SE, 
A, 9401 653-2, so the only items depicted are those re- 
quired for understanding the present invention. 

The vehicle is powered by a combustion engine 2, 
preferably a diesel engine, which is connected to the ve- 
hicle's driving wheels 10 via a clutch 4, a mechanical 
stepped gearbox 6 and a propeller shaft 8. In this em- 
bodiment the clutch 4 is only intended to be operated 
manually at low vehicle speeds and when starting and 
stopping. In gear changing during operation of the vehi- 
cle between different running gears, the clutch 4 is in- 
tended to be operated neither manually nor automati- 
cally, so gear changes take place with the clutch 4 acting 
as a drive power transmission connection between the 
engine 2 and the gearbox 6. 

The gear change system effects gear changes part- 
ly by adjusting the engine speed and engine torque at 
gear changes and partly by operating the servos in the 
gearbox which disengage the operative gear and en- 
gage the next gear. 

The clutch 4 not being released during gear chang- 
es results in severe engine control system requirements 
if gear changes are to take place with the shortest pos- 
sible torque break in the mechanical stepped gearbox 
both when what is required is the possibility of torque- 
free disengagement of a gear and when engaging the 
next gear, since the engine control system has to ensure 
that the synchronous speed for the next gear is reached 
before the gear is engaged. 

The gear change system incorporates a control unit 
12 with microcomputer which is connected by different 
lines to various parts of the system. These connections 
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are used for transmitting various signals corresponding 
to what is illustrated by arrows in Fig. 1 . The control unit 
12 is also has two-way connections in that it sends out- 
put signals and receives input signals from a multiplicity 
of control units via a number of links represented in Fig. 
1 by bi-directional arrows. 

Via a link 14 with the engine fuel injection system 15, 
which is in its turn connected to various sensors, the 
control unit 1 2 receives information on the engine speed 
HMfoiTHA^eh-the-engine^e c o l or a ^ 
culated. The control unit 1 2 also receives via the link 1 4 
information on the modulated engine torque M, which is 
in practice calculated by means of the fuel quantity in- 
jected. The fuel injection system 15 in its turn controls 
via the link 16 the fuel quantity to the engine injectors. 
During gear changes the control unit 1 2 provides the fuel 
injection system 1 5 with signals which cause the engine 
to be modulated with a certain torque M. 

The control unit 12 receives from a temperature 
sensor via a line 17 a signal representing the engine 
temperature T or, in practice, the temperature of the en- 
gine coolant. 

A sensor 1 8 provides the control unit 1 2 via a signal line 
19 with information on whether any power take-off 
(PTO) is operating. In practice this sensor 18 may con- 
sist of the circuit-breaker via which the power take-off is 
connected. In cases where a number of power take-offs 
are arranged to be driven, they may be correspondingly 
connected to the control unit, but in this embodiment it 
is supposed that only one power take-off is involved. 

The control unit 12 is connected via a link 7 to var- 
ious solenoid valves in the gearbox 6 which activate the 
servos for engagement and disengagement of gears. 
This link 7 is also used for providing the control unit 12 
with signals representing the operating state of the gear- 
box at the time and indicating which gear is engaged, 
and, during gear changes, with signals representing the 
various phases of the gear change. 

The control unit 1 2 is also connected to other vehi- 
cle controls (not shown), e.g. gear selector, accelerator 
pedal, brake pedal, retarder. As the latter operate con- 
ventionally and make no difference to the process ac- 
cording to the invention, no further description of them 
is provided. 

Gear changes are initiated entirely automatically if 
the driver selects an automatic position or manually if 
the driver selects a manual position. Regardless of how 
gear changing is initiated (automatically by the control 
system or manually by the driver), it is effected by the 
control unit 1 2 without the clutch 4 having to be released. 

As stated in the introduction, it is important when 
disengaging gears to ensure that the contact point of the 
relevant gears is not loaded with any torque. The adjust- 
ment of engine torque to the so-called zero-torque level 
before the disengagement of a gear is described in more 
detail with reference to the flow diagram in Figure 2. The 
latter also shows the process according to the invention 
whereby gear disengagement is followed by correction 



of the factor M G which determines the zero-torque level 
or of the power take-off factor M PTO which affects the 
zero-torque level. This torque correction routine is 
stored in the microcomputer of the control unit 12. 

s Gear changing is initiated at step 20, after which the 
control unit 12 starts adjusting the engine torque down 
to the zero torque M 0 . The zero torque depends on the 
engine speed n and the engine temperature T. The con- 
trol unit therefore has stored in it a basic matrix with var- 
_jo — ious-vafues-of-t^e-zero4orque-M G -pertaining4o-various- 
engine speeds n and temperatures T. At the time of man- 
ufacture of the vehicle this basic matrix is stored in the 
control unit 12 with empirically established values. To 
compensate for the increased torque requirement during 

is operation of the power take-off, this basic value M G has 
to be supplemented by a factor pertaining to the running 
of the power take-off. This power take-off factor M PTO 
likewise depends on the engine speed n and the engine 
temperature T, so the control unit 12 has stored in it a 

20 corresponding matrix for various M PTO factors. 

The opening step 21 decides whether the power 
take-off is operating or not. 

If no power take-off is operating, the adjustment of the 
zero torque takes place according to the lefthand part 

25 of Fig. 2, whereas if one or more power take-offs are op- 
erating the adjustment takes place according to the 
righthand part of the diagram. If no power take-offs are 
operating, step 22 adjusts the engine torque M to the 
zero-torque value M G stored in the basic matrix. 

so When step 23 finds that the torque has become equal 
to that desired, step 24 disengages the gear, which is 
then supposed to take place with zero torque at the gear 
contact point. According to the present invention, gear 
disengagement is directly followed by measurement of 

35 the change in the engine speed n during a limited meas- 
uring period mp. This measuring period covers a time 
when the gearbox is in neutral position before the engine 
is modulated to a suitable speed for the engagement of 
the next gear. 

40 The measuring period thus covers a period of time when 
the engine is modulated at what is supposed to be a 
correct zero torque M G . What takes place during the 
measuring period and directly after it is shown in a com- 
mon step 25. The measurement of the engine speed 

^5 change Dn over the measuring period can be combined 
with knowledge of the measuring period duration Dt to 
calculate the engine's corresponding acceleration a m . 
This in its turn means that on the basis of the engine's 
moment of inertia J it is possible to calculate, by the for- 

50 mula 

M ERR = A M* J ' 

55 the torque which causes the speed change. 

This torque corresponds to the amount by which the 
supposed torque M G was incorrect. The value of M ERR 
will correspond in amount to the value by which the mod- 
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ulatecl torque has to be corrected- Step 26 thereafter ef- 
fects an updating of the M G value stored in the basic 
matrix by subtracting from the previously stored Mq val- 
ue the incorrect value M ERRl which is stored as a new 
value of M G and which in a subsequent adjustment pro- 
vides a better and more correct value of M G . 
As these torques apply for a certain engine speed n and 
a certain engine temperature T, the updating is only ef- 
fected for the relevant speed and temperature values: 
Th e proce ss- accord i ng t o the invention f or up dat i ng th e 
matrix containing the zero-torque values is then com- 
plete, as illustrated in Fig.2 by a final step 27. 

If step 21 finds that the power take-off is operating, 
a higher zero torque MG is required. Step 28 then mod- 
ulates the engine towards a zero torque which is the ag- 
gregate of a basic torque M G derived from the basic ma- 
trix and a torque M PTO derived from the power take-off 
matrix. When this zero torque is reached at step 29, step 

30 effects disengagement of the gear. Thereafter step 

31 carries out, in a manner analogous with step 25, a 
calculation of the incorrect torque M ERR - This is followed 
by step 32 updating the power take-off matrix containing 
the M PTO torque values. It may be noted that the updat- 
ing takes place in the latter matrix and not in the basic 
matrix containing M G torque values. This is because the 
number of gear changes with no power take-off activat- 
ed is likely to be significantly greater and because it may 
be assumed that the basic matrix is probably more cor- 
rect. The M G value adopted at step 28 may therefore be 
supposed to be correct, so the engine speed changes 
measured during the measuring period are primarily due 
to incorrect values in the power take-off matrix. 

Figs. 3 to 5 illustrate the gear change pattern de- 
scribed and show how the engine speed may vary there- 
in. The time notations used are the same in all three di- 
agrams. The gear change initiated at time to results in 
the torque M being modulated towards the relevant ze- 
ro-torque value, either M G or M G +M pto . At time t, the 
relevant zero torque is reached and the gear is disen- 
gaged. Up to this point the engine speed n has been 
constant because there has been no change in the ve- 
hicle speed. The gear disengagement at time t-, marks 
o the start of the measuring period mp, which in this case 
is the same length of time as the period of engine mod- 
ulation by the zero torque and runs to time t 2 . As may 
be seen in Fig.4, the engine speed has increased over 
the measuring period by Dn, which means that the mod- 
ulated zero torque was too great, whereas Fig. 5 shows 
the engine speed having decreased by Dn, which 
means that the modulated torque was too little. In con- 
trast, Fig.3 shows the engine speed n remaining con- 
stant over the measuring period, so in this case the mod- 
ulated torque was correct. At time t 2 the torque M is 
ramped down further with a view to reducing the engine 
speed n to the correct value before the next gear is en- 
gaged. In this case the engine speed will decrease, 
since there is supposed to be an upshift to a higher gear 
whereby the engine speed after the gear change will be 



lower than the engine speed before the gear change. 
Had a downshift been involved, the torque would in- 
stead have increased at time t 2 in order to increase the 
engine speed n before the gear engagement. At time t 3 
s the correct engine speed for the next gear has been 
reached and the gear engagement starts, being com- 
pleted at time t 4 . At time t4 the torque is increased so 
that at time t 5 it corresponds to the torque which the driv- 
er requires. The whole gear change pattern from time t 0 

jlo to time t 5 is controlled by the control un it 12, and the 

driver's operation of various controls during that period 
has no effect on the gear change pattern. After time t 5 
both torque and engine speed revert to being controlled 
by an accelerator control operable conventionally by the 
is driver. 

The process described for correcting the zero 
torque can take place continuously during each gear 
change, but since over time ever fewer and smaller cor- 
rections will be required, it is advantageous after a cer- 

20 tain time to reduce the number of corrections so that 
they are not effected at every gear change. The control 
unit therefore has stored in it a log matrix which indicates 
how many updates have been effected at the various 
operating points in the two matrices. When the system 

25 is new it is important that it should adapt quickly to the 
particular engine and, where applicable, the particular 
power take-off(s). Corrections are therefore always ini- 
tiated so long as the matrix for the particular operating 
point does not indicate that a predetermined number of 

30 corrections have already been effected. This predeter- 
mined number of corrections is determined by how great 
the deviations are between individual systems, but its 
order of magnitude in the case of mass-produced sys- 
tems may be taken to range from a few tens of correc- 
ts tions to 1 00 corrections. 

When the individual system has been subjected to 
suitable adjustment, the need for initiation of corrections 
will be less frequent and they will only adjust the torque 
according to subsequent wear etc. The log matrix may, 

40 for example, be used thereafter for counting all gear 
changes which take place at each operating point, and 
the initiation of corrections may subsequently take place 
on a longer time basis depending on the value in the log 
matrix. For example, correction may be initiated at every 

. 45 gear change for the first 50 gear changes, at every tenth 
gear change for gear changes 51 -300, at every twenti- 
eth gear change for gear changes 301 -1000, and so on. 

Experiments have shown that the length of the pref- 
erably fixed measuring period mp can be kept as short 

50 as 0.1 second in certain applications. In practical use, 
however, there may be good reasons for adopting 
somewhat longer measuring periods, e.g. between 0.1 
and 0.4 second, preferably 0.3 second, because the 
system may be subject to signal delays and inertia in 

55 mechanical components. 

The M G (n,T) and M PTO (n t T) matrices contain pre- 
determined operating points whereby the operating 
points with regard to engine temperature T are divided 
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into steps of 10~20°C in the normal engine operating 
temperature range of about 70-90° C and into smaller 
steps at lower operating temperatures in the range be- 
low 70°C, and those with regard to engine speed are 
divided into steps of 100-200 rpm. 

In the correction of the M G (n,T) and M PTO (n,T) ma- 
trices at each relevant operating point at which gear 
changing and measurement are initiated it is also pos- 
sible to correct nearby ones (e.g. at least four nearby 
op e rat i ng po i nt s i n tho part i cu l ar matr i x) proport i ona ll y 



Process according to patent claim 1 , characterised 
in that relevant correction of the predetermined ze- 
ro-torque level is calculated as a correction torque 
M ERR which is calculated according to M ERR = J * 
a m , where J denotes the moment of inertia of the 
engine and a m denotes the acceleration exhibited 
by the engine during the measuring period, which 
is calculated on the basis of the engine speed 
change Dn during the measuring period Dt. 



-70- 



to the relevant correction torque and to how close the 
nearby operating points in the matrix are to the particular 
operating point. If the particular operating point corre- 
sponds directly to the operating point in the particular 
matrix, only the latter operating point is corrected. 

In the embodiment described, correction of the zero 
torques M G and M PTO was effected in the respective ma- 
trices so that in each matrix a new corrected value re- 
placed a previous stored value. In an alternative embod- 
iment it is in each case possible instead to have fixed 
basic values stored in a basic matrix and have the re- 
quired corrections stored in a separate correction matrix 
so that the relevant torque value is formed by the values 
f rom o these two matrices being combined with one an- 
other. In such cases ail that is updated is the correction 
required in the correction matrix. 



Claims 

1 . Process for correction of engine torque during gear 
changes of a mechanical stepped gearbox in a ve- 
hicle powered by a combustion engine whereby 
gear changing is controlled automatically by a con- 
trol system 

which on the occasion of a gear disengagement ad- 
justs the engine's delivered torque to a predeter- 
mined zero-torque level in order to reduce the 
torque at the gear contact point of the gearbox, 
characterised 

in that when the gear has been disengaged and 
the gearbox is in neutral position the engine's 
delivered torque is adjusted to a torque level 
corresponding to the predetermined zero- 
torque level, 

that the predetermined zero-torque level is 
maintained constant over a measuring period 
when the gear has been disengaged and the 
gearbox is in neutral position, 
that any speed change of the combustion en- 
gine is detected during the measuring period, 
and 

that the predetermined zero-torque level is cor- 
rected according to the speed change detected 
on the combustion engine during the measur- 
ing period. 
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Process according to patent claim 2, characterised 
in that the value of the predetermined zero-torque 
level is stored in a basic matrix with values depend- 
ing on at least the engine speed (n) and the engine 
temperature (T) and that the values of the basic ma- 
trix after the end of the measuring period are cor- 
rected by applying the correction torque M ERR cal- 
culated over the measuring period. 

Process according to patent claim 2, characterised 
in that the predetermined zero-torque level is stored 
in a fixed basic matrix based on values arrived at 
empirically on the basis of at least the engine speed 
(n) and the engine temperature (T), that a separate 
correction matrix with values based on at least the 
engine speed and the engine temperature has 
stored in it values based on the torque corrections 
which are calculated during the measuring period, 
and that the relevant zero torque for a gear disen- 
gagement is formed by combining the two matrices. 

Process according to patent claim 2 or 3, charac- 
terised in that the basic matrix covers predeter- 
mined operating points whereby the operating 
points with regard to engine temperature (T) are di- 
vided into steps of 10-20° in the normal engine op- 
erating temperature range and smaller steps at low- 
er operating temperatures, and those with regard to 
engine speed (n) are divided into steps of 100-200 
rpm. 

Process according to any one of the foregoing pat- 
ent claims, characterised in that the measuring pe- 
riod comprises a predetermined fixed period of time 
of the order of 0.1-0.4 second, preferably 0.3 sec- 
ond, and that the measuring period starts when the 
gear has been disengaged. 

Process according to patent claim 6, characterised 
in that the measuring period is in principle initiated 
at every gear change when the system is new and 
that the number of measuring periods initiated is re- 
duced progressively as the operating time of the 
system increases. 

Process according to patent claim 7, characterised 
in that for each operating point the number of meas- 
uring periods executed is stored in a log matrix and 
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that the intervals between measuring periods initi- 
ated for each operating point are modulated so that 
they increase according to the number of measur- 
ing periods executed at the particular operating 
point. s 

9. Process according to any one of the foregoing pat- 
ent claims, characterised in that when a power 
take-off is operating the predetermined zero-torque 

le v el i n Gorporates-^ a torqu e s upp le m e nt bas e d on — ^ — — — 

power take-off factors M PTO stored in a matrix, 
whereby the various torque supplements are stored 
on the basis of at least engine speed (n) and engine 
temperature (T). 

75 i 

1 0. Process according to patent claim 9, characterised 
in that if a power take-off is operating the matrix con- 
taining the power take-off factors M PTO is corrected 
instead, which correction is based on the correction 
torque M ERR which is calculated during the meas- 20 
uring period. 
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(54) Process for correction of engine torque during gear changes 



(57) The invention refers to a process for correcting 
the torque to which an engine is adjusted before a gear 
disengagement, preferably on the occasion of automat- 
ed gear change of a stepped gearbox without using any 
clutch. Immediately after a gear has been disengaged, 
the engine is adjusted towards a zero torque (M 0 ) which 
will maintain the engine speed (n) constant during the 
gear disengagement. This zero-torque level is stored in 
a matrix for the relevant operating point given by at least 
the engine speed (n) and the engine temperature (T). 
During a fixed measuring period after the gear disen- 
gagement when the gearbox is in neutral position, the 
acceleration of the engine when it is run with the relevant 
zero torque is detected. Thereafter any acceleration de- 
tected is converted to a corresponding torque, which 
represents an error in the modulated zero torque. The 
original zero-torque value is thereafter corrected by ap- 
plying the detected incorrect torque so that before a sub- 
sequent gear disengagement the engine is modulated 
with a more correct value of the zero torque (M 0 ). 
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